The nucleotide sequence of the gene which encodes the major outer-shell glycoprotein of UK bovine rotavirus has been determined. The dsRNA genome segment encoding this protein was converted into ds cDNA and cloned into pBR322 for sequence studies. The gene is 1062 base pairs in length and contains a single, long, open reading-frame capable of coding for a protein of 326 amino-acids. This would leave 5' and 3' non-coding regions of 48 and 36 nucleotides in the mRNA. The predicted amino-acid sequence contains three possible glycosylation sites of the type Asn-X-|f r , and an extremely hydrophobic N-terminal region. This sequence is discussed in the light of the known properties and functions of the protein.
INTRODUCTION
Genetic studies have mapped the virus serotype specificity as being coded by one of the group of RNA segments 7,8 and 9 (11, 12) . These segments have slightly differing relative electrophoretic mobilities in polyacrylamide gels, depending on the virus strain (13) . In the simian rotavirus SA11 and the human strain Wa, serotype-specificity is determined by segment 9, while in UK bovine rotavirus, serotype specificity is determined by segment 8 or 9 (11, 12) . This correlates with the major outer-shell glycoprotein assignment to gene 9 of SA11 (Kantharidis, P., Dyall-Smith, M.L. and Holmes, I.H. submitted for publication) and to gene 8 of UK bovine rotavirus (14) , and the neutralising activity of antibody produced to this glycoprotein (5, 6) .
As part of a program to compare the genes of different rotaviruses at the structural level we have cloned and sequenced the UK bovine rotavirus gene coding for the major outer-shell glycoprotein (VP7c of ref. 14) . This gene has been previously referred to as UK bovine gene segment 8 on the basis of electrophoretic mobility in long polyacrylamide gels (14) . It is anticipated that comparisons with the homologous gene sequences of rotaviruses of different serotypes will provide information on the nature of rotavirus serotypic variation and lead to the identification of the antigenic determinants.
MATERIALS AND METHODS

Preparation of viral RNA, and cloning of cDNA
The procedure has been previously described by Dyall-Smith et_ t^-, (15) . Viral dsRNA was prepared from UK bovine rotavirus grown in MA 104-cells (16, 17) . Following thermal denaturation the dsRNA was poly A-tailed and reverse transcribed using oligo dT ". Complementary strands were annealed and end-repaired using E. coll DNA polymerase 1 (Klenow), and ds cDNA was fractionated according to size on agarose gel. The ds cDNA of £a^. 1100 bp which corresponded to gene segments 7, 8 and 9 was dC-tailed and annealed with Pst I-cleaved, dG-tailed pBR 322, and the preparation uas used to transform E. coli MC 1061 (18 
Sequence determination
The recombinant plasmid was prepared from cleared lysates of transformant bacteria (23) by cesium chloride density equilibrium centrifugation in the presence of ethidium bromide (24) . Large restriction fragments of the plasmid were isolated from agarose gels by electrophoresis onto DEAE membrane and were subsequently eluted from the membrane at pH 9.5 with 1.0 M sodium chloride. Smaller fragments were isolated from acrylamide gels (0.4 mm) by diffusion into the gel elution buffer of Maxam and Gilbert (25) . All sequence determinations were performed by the dideoxy chain-termination method (26) .
The larger fragments were cloned into the appropriate M13 mp2 vectors (see The sense shown is that of the plus (mRNA) strand. Alu I fragments, Rsa I fragments and Hinc II fragments were subcloned into the Sma I site of M13mp8 (27) , Sau 3A fragments into the Bam HI site of M13mp2/Bam HI (28) , and the Pst I fragment into M13mp2/Pst I (29) . Solid lines indicate the extent to which the sequence was determined in each subclone.
nucleotides using mRNA transcripts (4yg) as templates (33) and an exonuclease-treated (34) Clal/Alul restriction fragment as primer. The Clal/Alul fragment (residues 40-91) was prepared from the cloned copy of gene 8 (the yield from 3ug of plasmid being used per reaction). Singlestranded RNA transcripts which display mRNA activity, were produced from UK bovine rotavirus cores by the method of Cohen et_ a_l. (35) .
RESULTS
Single-stranded cDNA transcripts of rotavirus RNA corresponding in size to all eleven RNA segments were produced. In addition a considerable number of incomplete species were present as demonstrated by denaturing agarose gels (36) . To avoid cloning these incomplete species the annealed ds cDNA was end-repaired and fractionated by size on agarose gel prior to cloning.
Large numbers of clones containing complete or near complete copies of gene segments 7, 8 and 9, as judged by insert size (c£. llOObp), were obtained.
Although gene 8 of UK bovine rotavirus has been resolved on long polyacrylamide gels and identified as encoding the major, outer-shell glycoprotein (1A), we were unable to separate segments 8 and 9 by electro- The cloned copy of gene 8 is 1053 nucleotides long, and has the conserved 3' terminal sequence of rotavirus genes viz. ... UGUGACC 3' (37) but is 9 nucleotides short of a full-length copy at the 5' end. Missing residues 2-9 were determined by primed synthesis on mRNA (Fig. 2) Figure 3 . Nucleotide sequence of a cloned copy of the gene encoding the serotype-specific glycoprotein from UK bovine rotavirus. The sequence corresponds to the plus strand (mRNA sense) of the dsRNA in the 5'-K3' direction. Nucleotide residues 1 to 9 of the gene were absent from the cloned copy and were deduced from mRNA transcripts. Amino acid residues In the longest potential coding region are nunibered from the first ATG triplet. Initiation of translation at the first AUG triplet would produce a protein of 326 amino acids. The composition of this protein is shown in Table 1 . It contains a preponderance of acidic over basic amino acid residues (32:24) and has three potential glycosylation sites (Asn-X-) at amino acid residue positions 69, 238 and 318. None of these positions are 
AUU (15) AUC AUA AUG 
AAU (19) AAC (7) AAA (22) AAG GAU GAC (7)
GAA ( (Table 2) shows that at codon position three the choice of nucleotides is similar to the overall nucleotide frequencies in the gene, while at codon position two the nucleotide frequencies show a high C content and a low G content compared to the gene nucleotide frequencies.
This distribution of nucleotides is very similar to that of gene 7, which encodes a non-structural protein yet exhibits a similar allocation of nucleotides between the three codon positions, and a somewhat similar codon usage ( Table 2 ). The similarity of codon usage by gene 7 and gene 8 despite the functionally different products agrees with the general finding of
Grantham et_ al_. (46) that genes in the same genome exhibit characteristic codon usage among synonymous codons.
Parasites and hosts often have distinguishable codon usage patterns (47) .
In eukaryotic cellular genes the hierarchy amongst the third base usage of synonymous codons is C>G>U,A, while for animal viral genes the hierarchy is U,A>C,G (48) . This preference is quite obviously sustained by the choice of the degenerate third base in rotavirus genes ( Table 2 ). by three standard deviations, the values generally associated with peptides that traverse the interior of a protein (51) . The value resembles more those values associated with hydrophobic membrane-spanning segments as found in integral membrane proteins (51) or those same segments in the now lipid-free protein coats around fd-type bacteriophage (52, 53) . This hydrophobic region of the rotavirus outer-shell protein therefore has the potential for forming the intermolecular contacts within the capsid of the virus.
A shorter, uncharged and again exceptionally hydrophobic segment is located closer to the potential N-terminus of the protein (residues 6-23).
This region could also be involved in intermolecular contacts within the capsid, or it might function as a signal sequence for translocation (54) .
Neutralising antibody in rotavirus infection is directed mainly against antigenic determinants on the major, outer-shell glycoprotein. Antigenic determinants are surface features of proteins frequently found on highly exposed surface regions of a molecule. Using the amino acid parameters of Hopp and Woods for locating antigenic determinants (55), the region 311-316
(Ser-Lys-Arg-Ser-Arg-Ser) is predicted as a likely location of an antigenic determinant. Other regions of high hydrophilicity which might be considered as locating antigenic determinants are 95-100, 179-183 and 251-256. Often highly conserved regions of a protein molecule are found adjacent to antigenic determinants to maintain structural integrity (56) . In this regard the presence of two potentially homologous cystine-containing peptides, viz. r.er-Cys-Thr-Val-Lys-Val-Cys and Thr-Cys-Thr-Ile-Arg-Asn-Cys found adjacent to regions of sequence predicted as highly exposed is interesting.
It implies a conserved structure in spite of the high rate of mutation In RNA viruses that is generally sufficient to preclude such internal sequence homologies. It will be interesting to see to what extent these features are present In the major, outer-shell glycoproteins of other rotavirtis serotypes.
